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Molecular and epidemiological analysis of penicillinase
producing strains of Neisseria gonorrhoeae isolated in
Canada 1976-84: evolution of new auxotypes and 13

lactamase encoding plasmids
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SUMMARY Though the number of penicillinase producing Neisseria gonorrhoeae (PPNG) strains
isolated in Canada comprises under 1% of all gonococcal isolates, it continues to increase appreciably
each year. Most strains are imported from areas of endemic infection with PPNG strains. Two local
outbreaks in 1984, however, were notable for the number of patients infected and for the distinctive
phenotypes of the strains. One outbreak was caused by a wild type strain, of serovar BACJK with a
new 3 05 megadalton penicillinase encoding plasmid, whereas the other was caused by strains with
the Asia+ plasmid type, serovar AE and with a proline and ornithine requiring auxotype. Five
plasmid patterns (Africa+, Africa-, Asia+, Asia-, and Toronto+) were observed among the PPNG
strains. The association between plasmid content and specific auxotype (such as Asia plasmid with
proline requiring auxotype or Africa plasmid with wild type auxotype) and inhibition by
phenylalanine continues to be unexplained.

Introduction

Since the isolation of the first penicillinase producing
Neisseria gonorrhoeae (PPNG) strains in 1976'"- and
their subsequent worldwide dissemination,4-5 various
methods have been used to monitor the dispersal of
specific PPNG strains between countries. Initially,
PPNG strains were distinguished as Asian or African
type based on the geographic area ofthe first outbreak
of infection with them and on the distinctive
characteristics of their plasmid content, auxotype, and
susceptibility to antimicrobials.4'10 Asian type strains
originated in Asia, generally South East Asia, carried
a 4 5 megadalton penicillinase encoding plasmid with
or without a 24X5 megadalton transfer plasmid, were
typed auxanographically as being either proline
requiring or wild type, and were resistant to antibiotics
such as tetracycline. African type strains, on the other
hand, carried a 3-2 megadalton penicillinase encoding
plasmid, required ornithine, and were moderately
resistant to antibiotics compared with non-PPNG
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strains. The extension of the range of hosts of the 24 5
megadalton transfer plasmid to include strains
harbouring the "African" plasmid as well as the
spread of African and Asian type plasmids into
gonococcal strains with other auxotypes has been
documented by several workers'"-16. Furthermore,
new B lactamase encoding plasmids, as identified by
molecular size, have been found in gonococcal
isolates7'-9 More recently, serological20-22 and
restriction endonuclease analysis techniques23 have
been used to refine the methods of tracking the global
dissemination of PPNG strains.

In some areas of Africa, Asia, and Europe, PPNG
strains are found in 5% to 50% of all gonococcal
isolates.492427 In many of these areas indigenous foci
of infection have been established. In Canada and
other countries the incidence of PPNG strains is well
under 5%, and most strains continue to be
imported.82021 28 Identifying PPNG strains helps to
document the spread of these strains between
countries, identifies new varieties, and is useful in
tracking indigenous outbreaks. The study published
here highlights all of these aspects by analysing
molecular and epidemiological data about PPNG
strains isolated in Canada in 1976-84.
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Patients, materials, and methods

STRAINS OF BACTERIA

Penicillinase producing strains ofNgonorrhoeae were

submitted to this centre for biological and genetic
identification from provincial public health
laboratories and other laboratory centres throughout
Canada. Duplicate strains from patients were

excluded from the study unless reinfection could be
proved based on genetic and clinical criteria. (We did
not observe simultaneous infection with strains of
differing auxotype or plasmid profiles.) Reference
strains for tests of minimum inhibitory
concentrations, plasmid content, and auxotype have
been described previously.8 29

EPIDEMIOLOGICAL AND CLINICAL DATA

After biological and molecular identification of the
strains, questionnaires about clinical and epidemio-
logical data were posted to laboratory and epidemio-
logical authorities in the appropriate provinces. These
data were collated and analysed using computer
programs developed within this division. In some

cases only epidemiological and clinical data could be
obtained for PPNG isolates. Thus, though 623 isolates
have been described epidemiologically, only 501 were

submitted to our laboratory for biological
identification.

CULTURE METHODS

Using standard identification criteria we confirmed
that cultures submitted were N gonorrhoeae and that
they were PPNG strains by screening for lactamase
production using Nitrocefin (Glaxo, Greenford,
Middlesex, England). Strains were stored and
subcultured as described previously.8 29

TABLE I Provincial incidence of penicillinase producing

Neisseria gonorrhoeae (PPNG) strains isolated in Canada
1976-84

Number ofPPNG strains isolated in:

Province 1976-80 1981 1982 1983 1984 Total (%lo)

New Brunswick I 1 2 (03)
Nova Scotia 2 2 6 5 15 (24)
Quebec 8 5 5 19 14 51 (8 2)
Ontario 33 25 25 75 123 281 (451)
Manitoba 1 3 1 2 2 9 (1-4)
Alberta 16 10 29 14 61 130 (20 9)
British Columbia 16 14 41 40 23 134 (21-5)
Yukon Territory 1 1 (02)

Total 76* 58 103 157 229 623

* 69 of these strains were characterised previously and were reported
in previous publications.'" Numbers are recorded according to year

of receipt at the Laboratory Centre for Disease Control, Ottawa.
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PLASMID ANALYSIS AND AUXOTYPING

We isolated and identified plasmid DNA as described
by Dillon et al.30 Auxotyping was completed using
methods described by Hendry and Stewart3' and
modified by Hendry.32

SEROLOGICAL CLASSIFICATION

Typing serum samples and reference strains were a gift
from S Bygdeman of the Karolinska Institute,
Stockholm, Sweden. Serological classification of
strains by coagglutination using monoclonal
antibodies to protein I was performed as described by
Tam et al33 and Bygdeman et al.34

Results

INCIDENCE OF PPNG STRAINS

As part of a national surveillance programme, PPNG
strains isolated in Canada are submitted to this centre
for biological and genetic identification and for
clinical and epidemiological documentation. Table I
shows the incidence ofPPNG strains reported in 1976-

TABLE II Geographical origin of infections with penicillinase
producing Neisseria gonorrhoeae (PPNG) strains in Canada

No ofPPNG strains isolated in:
Origin of 1976-80 1981 1982 1983 1984 Total
infection*

Asia:
Phillipines 12 3 5 3 7 30
Thailand 10 0 11 8 7 36
Others 9 12 15 14 23 73

Africa 2 1 4 4 15 26

Europe 1 2 3 6

South America 11 8 19

Caribbean and
Central America 5 3 5 14 26 53

North America:
United States 6 1 4 3 2 16
Unknown 1 1
Canada
Foreign contact 10 5 7 15 17 54
Canadian origin 6 7 24 45 101 183

Geographical
origin unknown 16 26 27 38 19 126

Total 76 58 103 157 229 623

Others in Asia: Korea (17), Taiwan (11), Hong Kong (10), India (3),
Vietnam (2), Singapore (4), Japan (4), Indonesia (6), Israel (1),
Malaysia (1), Saudi Arabia (2), Oman (1), not specified (11).
Africa: Uganda (1), Zambia (1), Cameroon (1), Ivory Coast (1) Nigeria
(4), Ghana (5), Kenya (2), South Africa (2), Botswana (1), Mali (1), not
specified (7).
Europe: Germany (2), Netherlands (1), Austria (1), Greece (1), not
specified (1).
South America: Guyana (15), Brazil (3), not specified (1).
Central America and Caribbean: Jamaica (15) Mexico (6), Antigua (6),
Barbados (5), Bahamas (4), Dominican Republic (2). Costa Rica (2),
Virgin Islands (1), Martinique (1), Grenada (2), Trinidad & Tobago
(1), Panama (1), not specified (7).
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84. During 1984, the fourth consecutive year in which
the number of infections caused by PPNG strains rose

appreciably, the number of PPNG strains reported in
Canada was 46% more than in the previous year. Most
(80-3%) of these strains were reported from the
provinces of Ontario and Alberta, where local
distinctive outbreaks had occurred. A PPNG strain
was isolated in the Yukon Territories for the first time
during 1984.

GEOGRAPHICAL ORIGIN OF INFECTIONS WITH PPNG
STRAINS
Table II shows that in 1984, for the first time since
surveillance was started, the number of patients
identifying a Canadian origin of infection was almost
half of those for whom a geographical origin of
infection could be ascertained. This increase was due
to two endemic outbreaks; one (the "Toronto"
outbreak) affected 20 patients, and the other (in the
province of Alberta) affected 50. The strains isolated
during these two outbreaks represented 31% of the
total isolations during 1984. In previous years, most
infections had been contracted abroad (62-2% (74/119
with known origin) in 1983 and 68-4% (52/76) in
1982). Though the Far East continued to be the single
area from which most PPNG strains were imported,
the number of strains imported from the Caribbean
areas and Africa in 1984 increased substantially. In
addition, in 1983-4 PPNG strains were more
commonly imported from South America, primarily
Guyana.

AGE AND SEX OF PATIENTS INFECTED WITH PPNG
STRAINS

Data about the age and sex of patients infected with
PPNG strains (table III) indicate a ratio of men to
women of 1-4:1 in 1984, which was down slightly from
a ratio of 1-6:1 in 1983. From 1976 to 1982 the ratio of
men to women had been 2-6:1 to 2 3:1. In 1984 men
aged 25 to 35 and women aged 20 to 24 showed the
highest incidence of infection with PPNG strains.
During 1983 and 1984 infections with PPNG strains
were noted in five patients aged 15 and under, most of
whom were young prostitutes.

PLASMID CONTENT, AUXOTYPE, AND RELATED
CHARACTERISTICS OF PPNG STRAINS
We identified five distinct plasmid patterns in PPNG
strains isolated in Canada (table IV). The first four
patterns comprised the traditional Asian (4 5
megadalton) and African (3-2 megadalton) types
either with (Asia+, Africa+) or without (Asia-,
Africa-) the transfer (24-5 megadalton) plasmid. Most
strains (61-5%) were of the Asia+ type, followed by
Asia- (18-8%), Africa- (10-6%), and Africa+ (5-2%)
types. In 1984, analysis of an outbreak affecting 20
patients uncovered a new penicillinase encoding

TABLE III Age and sex ofpatients infected with penicillinase
producing Neisseria gonorrhoeae (PPNG) strains in Canada.

No ofPPNG strains isolated in:

Sex Age (yrs) 1976-80 1981 1982 1983 1984 Total

Men:
< 15 0 0 0 1 1 2
16-19 2 1 0 3 16 22
20-24 7 3 6 21 27 64
25-34 22 6 16 24 40 108
35-44 3 4 9 15 21 52
>45 0 1 1 5 4 11
Unknown 18 8 40 25 21 112

Subtotal 52 23 72 94 130 371

Women:
< 15 0 0 0 0 3 3
16-19 0 0 1 9 17 27
20-24 8 1 7 11 41 68
25-34 7 4 6 13 17 47
35-44 3 1 1 1 7 13
.45 0 1 2 3 2 8
Unknown 2 2 14 21 7 46

Subtotal 20 9 31 58 94 212

Unknown 4 26 0 5 5 40

Total 76 58 103 157 229 623

plasmid of 3 05 megadaltons (a preliminary report on
the molecular nature of this plasmid has been
presented previously).t We have named this the
Toronto type plasmid. Strains of this type, which
comprise 4% of all PPNG strains identified to date,
also carried a transfer plasmid. About 65-73% of the
PPNG strains isolated in Canada during a given year
carried the 24-5 megadalton transfer plasmid. This
plasmid was isolated from strains harbouring either
the Asian type (308/402; 76 6%) or the Toronto type
(20/20) penicillinase encoding plasmids. Only 32 9%
(26/79) of strains with the African type plasmid also
carried the transfer plasmid.
Auxanographic analysis of the isolates indicated

that most PPNG strains were either wild type (non-
requiring) or required proline for growth. Strains that
carried the 3-2 megadalton or the 3 05 megadalton
penicillinase encoding plasmids were predominantly
wild type (74-7% and 100%, respectively). Fifty nine
percent of the strains carrying the 4 5 megadalton
penicillinase encoding plasmid required proline or
proline and ornithine for growth. Strains with the
auxotype that required proline and ornithine were
associated with an outbreak affecting 50 patients
during 1984. Several other auxotypes comprised only
2% of the PPNG strains identified.

Isolates were tested for inhibition of growth by
phenylalanine. None of the isolates with the 3 05
megadalton penicillinase encoding plasmid and two of
192 (1%) isolates with the Asian type plasmid were
inhibited. By contrast 43-3% (29/67) of isolates with
the African type plasmid were inhibited by
phenylalanine. Of the 29 strains with the African type
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plasmid that were inhibited, 25 (86-2%) were of the
wild type auxotype and 72% of these strains (18/25)
were Africa

Table V analyses the plasmid content and auxotype
of PPNG strains and the geographical source of
infection. Strains imported from Africa were of the
Africa (+ or -) and Asia (+ or -) types and included
non-requiring and proline requiring auxotypes. By
contrast, only two strains of Asian origin were
Africa+, the rest being Asia+ or Asia -. Strains
imported from South American, Central American,
and Caribbean countries carried all varieties of the
African and Asian plasmid combinations. PPNG
strains imported from the United States of America
into Canada were predominantly (15/16) ofthe Asia+
or Asia- type.

Serological analysis of patients infected in Toronto
and Alberta indicated that distinct strains were

implicated in each outbreak. Strains with the Toronto
type (305 megadalton) plasmid were serologically
typed as group WII/WIII serovar BACJK. The
proline and ornithine requiring isolates associated
with the Alberta outbreak were of the WI serotype,
serovar AE. Other proline and ornithine requiring
PPNG strains not associated with the outbreak were

also serotype WI but had different serovars (data not
shown).

Discussion

The results of the study published here show that the
continued epidemiological and molecular surveillance
of penicillinase producing strains ofNgonorrhoeae is
essential to control their epidemic spread within a

country, to monitor new varieties of B lactamase
encoding plasmids, and to distinguishing new host
strains. During 1984 PPNG strains caused 0-5% of the
43 880 cases of infectious gonorrhoea reported in
Canada.35 This low incidence is typical of other
countries, such as the United States of America,28 36
Nordic countries,2' 37 and the United Kingdom.38
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Most infections with PPNG strains in these countries
were due to strains imported from areas of endemic
infection.2039 Compared with the 1970s, the number of
countries in which PPNG strains are endemic is
increasing. In Holland in 1983 PPNG strains
comprised 10% of gonococcal isolates,27 and in
Amsterdam in 1984 this number had risen to 18% of
all new infections.9 Countries in South East Asia have
reported that as many as 40% of infections are caused
by PPNG strains.4 16 24 40 The increase of PPNG strains
in West Africa, which mirrors the rapid dissemination
of PPNG strains throughout Asia five years
previously, presents a particularly alarming model for
the epidemic spread of these strains. For example, in
Kenya the first PPNG strains was detected in July
1981; by November 1982 PPNG strains caused 22% of
cases of gonococcal urethritis in men and had spread
to remote areas of the country.25 PPNG strains have
been isolated from many other African countries,
often in large numbers.4'
The importation of PPNG strains into Canada,

which has been primarily from areas where they are

endemic such as South East Asia and parts of Africa
(table II), reflects the changed incidence of PPNG
strains in a particular area (for example more PPNG
strains are now imported from Africa and areas of
Asia other than Thailand and the Phillipines than in
the early 1980s). In this regard, the appreciable level of
importation from the Caribbean indicates a problem
there, which might warrant increased surveillance.
The age distribution of women patients in Canada,

with those aged 20 to 24 having the highest incidence,
is similar to that reported in Britain.42 The high
incidence in Canadian men aged 25 to 34 is in contrast
to a British report where the highest incidence in men
was in those aged 20 to 24. The number of PPNG
strains in patients aged under 15 in Canada was
primarily attributed to young prostitutes. Prostitutes
were implicated in the two local outbreaks in Canada
in 1984. The role of prostitutes in contributing to the
spread of PPNG strains has been referred to by many

TABLE IV Plasmid content and auxotype of 501 PPNG isolates

Auxotypet

Plasmidpattern* NR Pro& Orn- Pro& Orn- Pro- Hyxj Meth- Pro- Meth- Total (%)

Africa+ 18 5 2 1 26 (5.2)
Africa- 41 8 1 2 1 53(10-6)
Asia+ 154 102 1 51 308(61-5)
Asia- 6 84 1 3 94(18-8)
Toronto+ 20 20 (3-9)

Total (%) 239(47 7) 199(39 7) 4(0 8) 53(10-6) 2(0.4) 1(0-2) 3(0 6) 501

* All strains harboured a 2-6 megadalton cryptic plasmid. In addition Africa types harboured a 3-2 megadalton plasmid whereas Asia types
harboured a 4 5 megadalton plasmid, both with (+) or without (-) the 24 5 transfer plasmid. The Toronto+ type harboured a 3 05 megadalton
plasmid in addition to the transfer plasmid.
t NR = non-requiring or wild type; Prod = requiring proline; Orn7 = requiring ornithine; Hyx- = reuiring hypoxanthine; Meth-=
requiring methionine.
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other workers.925 39
The use of molecular, genetic, and serological

techniques has been specially useful
epidemiologically. Previous studies indicated that the
range of gonococcal hosts of the African and Asian
type lactamase encoding plasmids had been
extended to include new combinations of auxotypes
and plasmids."'I5 Furthermore, ,B lactamase encoding
plasmids different in size from the African and Asian
type plasmids have been identified."'19 In the report
published here unusual (proline and ornithine
requiring) PPNG auxotypes and new plasmid
combinations (Toronto plasmid) contributed to two
unique outbreaks in Canada during 1984. Strains
related to each of the outbreaks were unequivocally
identified only by using a combination of molecular
and biochemical techniques. Restriction endonuclease
mapping of the Toronto plasmid indicated that it was
a deletion derivative of the Asian type penicillinase
encoding plasmid.'7 18 Recently, workers in the
Netherlands have isolated a 2-9 megadalton plasmid
from two strains that seem to be similar to the Toronto
type plasmid.19 No definitive epidemiological link has
been established between the Toronto outbreak and
infection in other areas.
Most PPNG strains analysed in the study published

here carried an Asian type plasmid. Most (54 3%) of
the strains of the Asia- type were imported from Asia
and only 27-2% had a Canadian origin. By contrast,
strains of the Asia+ type were predominantly (5 1 No%)

of Canadian origin with only 32-3% of Asian origin.
Similarly, 63 6% of the strains of the Africa+ type
were "Canadian" as opposed to only 38-8% of the
Africa- strains. Most strains with the African type
plasmid were imported from areas other than Africa,
including Asia. In view of the appreciable numbers of
strains of the Asia+ or Africa+ types in which the
origin of infection was Canada, there is possibly an

unreported and undetected reservoir ofPPNG strains.
It is interesting to note, in contrast to Canadian data,
that most PPNG strains isolated in the Netherlands
have African type plasmids.9 27 Nevertheless, the
distinction between African and Asian strains based
solely on plasmid analysis has, for some time, proved
to be ineffective as a method of differentiation
between strains, as these plasmid types are seen in all
geographical areas.2242
The correlation between auxotype, plasmid

carriage, and inhibition by phenylalanine observed in
this and other reports,4 9 1043 as Buisson et al state,"
continues to be an intriguing but unexplained
phenomenon. The associations between proline
requiring auxotypes and carriage of the Asian type
plasmid and between non-requiring auxotypes and
carriage of the African type plasmid were observed in
the analysis of some of the first PPNG strains
isolated,6 and continue to be observed in more recent
studies.9 1044 Similarly, strains with the African type
plasmid, which are predominantly wild type, are

inhibited by phenylalanine whereas strains with the

TABLE V Analysis of geographical origin of infection and plasmid content and auxotype ofpenicillinase producing Neisseria
gonorrhoeae (PPNG) strains

Geographical source of infection*
C America!

Plasmid pattern* Auxotype Europe Africa Asia S America Carribean Canada USA Total

Africa+ NR 1 1 2 11 15
Pro- 1 1 2 4
Orn- 1 1 2
Pro=hyx- 1 1

Africa- NR 2 6 2 11 16 37
Pro- 1 4 1 2 8
Orn- 1 1
Pro-orn- 1 1 2
Meth- I I

Asia+ NR 1 4 49 7 63 7 131
Pro- 4 33 2 13 27 5 84
Orn- 1 1
Pro-orn- 3 46 1 50

Asia- NR 4 1 5
Pro- 3 38 2 7 20 2 72
Pro-hyx- 1 1
Pro-meth- 2 1 3

Toronto+ NR 18 18

Total (%) 4(0 9) 23(5 3) 132(30-3) 8(1-8) 44(10-1) 209(47 9) 16(3 7) 436

* See table IV for definitions of plasmid patterns and auxotypes. No data regarding origin of infection of 65 strains analysed, 55 of which carried
Asian type plasmids, eight carried African typeplasmids, and the remaining two strains were Toronto type. See table 2 for list ofcountries within
geographical areas.
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Asian type plasmid are not inhibited.9'443 In the
report published here, however, under half the strains
with the African type plasmid were inhibited by
phenylalanine compared with over 90% in studies by
Ansink-Schipper et al.9 '4 We also found that a few
strains with the Asian type plasmid were inhibited by
phenylalanine, in contrast to Dutch reports in which
none of the strains were inhibited. These differences
might be explained if the African type strains in the
Dutch studies were in fact derived from a limited
number of strains circulating in the population. Most
of the African type strains in Canada were imported
from diverse areas and were unrelated.
The surveillance of PPNG strains in Canada using

molecular techniques is part of a national control
strategy undertaken in cooperation with provincial
health authorities. These tests are undertaken in
addition to the screening of all gonococci for 1
lactamase production, the use of spectinomycin to
treat high risk patients, and rapid contact tracing. A
combination of these measures has been effective in
identifying PPNG strains in this and other countries
and in rapidly pinpointing and controlling local
outbreaks.'72039 The combination of. these measures
has, we hope, contributed appreciably to the
continued low incidence of PPNG strains in Canada.

We thank the provincial public health laboratories, other
laboratory centres, and provincial epidemiologists
throughout Canada for sending us PPNG strains and for
supplying clinical and epidemiological data about patients.
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